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SEQUENCE LISTING 



<110> Chambers, Thomas J. 
Guirakhoo , Farshad 
Monath; Thomas P. 

<12 0> CHIMERIC FLAVIVIRUS VACCINES 



<130> 06132/033003 

<140> 09/121,587 
<141> 1998-07-23 

<150> 08/807,445 
<151> 1997-02-28 

<150> 09/007,664 
<151> 1998-01-15 

<160> 20 

<170> FastSEQ for Windows Version 3.0 

<210> 1 ■ . ■ • V,. ' 

<211> 21 ^ ' 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and West Nile 



<210> 2 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and West Nile 



virus 



<400> 



1 



cactgggaga gcttgaaggt c 



21 



virus 



<400> 2 

aaagccagtt gcagccgcgg tttaa 



25 



<210> 3 



<211> 21 



1 



# - • 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-1 virus 
<400> 3 

aaggtagact ggtgggctcc c 21 

<210> 4 
. <211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Derived from Yellow Fever virus and Dengue-1 virus 
<400> 4 

gatcctcagt accaaccgcg gtttaa 26 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-2 virus 
<400> 5 

aaggtagatt ggtgtgcatt g 21 

<210> 6 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-2 virus 
<400> 6 

aaccctcagt accacccgcg gtttaa 26 

<210> 7 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-3 virus 
<400> 7 
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aaggtgaatt gaagtgctct a 21 

<210> 8 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Derived from Yellow Fever virus and Dengue -3 .virus 
<400> 8 

acccccagca ccacccgcgg tttaa 25 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-4 virus 
<400> 9 

aaaaggaaca gttgttctct a 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Dengue-4 virus 
<400> 10 

acccgaagtg tcaaccgcgg tttaa 25 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and St. Louis 
Encephalitis virus 

<400> 11 

aacgtgaata gttggatagt c 21 

<210> 12 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Derived from Yellow Fever virus and St. Louis 
Encephalitis virus 



<400> 12 
accgttggtc gcacccgcgg tttaa 



25 



<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Murray Valley 
Encephalitis virus 

<400> 13 

aatttcgaaa ggtggaaggt c 21 

<210> 14 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Murray Valley 
Encephalitis virus 

<400> 14 

gaccggtgtt tacagccgcg gtttaa 26 

<210> 15 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Tick-Borne 
Encephalitis virus 

<400> 15 

tactgcgaac gacgttgcca c 21 

<210> 16 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Tick-Borne 
Encephalitis virus 
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<400> 16 

actgggaacc tcacccgcgg tttaa 2 5 

<210> 17 
<211> 1983 
<212> DNA 

<213> Dengue-2 virus 

<220> 

<221> CDS 

<222> (1) . . . (1983) 

<400> 17 

ttc cat eta acc aca cgt aac gga gaa cca cac atg ate gtc agt aga 4 8 

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met lie Val Ser Arg 
15 10 15 

caa gag aaa ggg aaa agt ctt ttg ttt aaa aca gag gat ggc gtg aac 96 
Gin Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr Glu Asp Gly Val Asn 
20 25 30 

^tg tgc acc etc atg gee atg gac ctt ggt gaa ttg tgt gaa gac aca 144 
Met Cys Thr Leu Met Ala Met Asp Leu Gly Glu Leu Cys Glu Asp Thr 
35 40 45 

ate aeg tac aag tgt ccc ctt etc agg cag aat gag eea gaa gac ata 192 
lie Thr Tyr Lys Cys Pro Leu Leu Arg Gin Asn Glu Pro Glu Asp lie 
50 55 60 

gac tgc.tgg tgc aac tec aeg tec aeg tgg gta acc tat ggg act tgt 240 
Asp Cys Trp Cys Asn Ser Thr Ser Thr Trp Val Thr Tyr Gly Thr Cys 
65 70 75 80 

acc acc aeg gga gaa eat aga aga gaa aaa aga tea gtg gca etc gtt 2 88 

Thr Thr Thr Gly Glu His Arg Arg Glu Lys Arg Ser Val Ala Leu Val 
85 90 95 

eea cat gtg gga atg gga ctg gag aeg ega act gaa aca tgg atg tea 336 
Pro His Val Gly Met Gly Leu Glu Thr Arg Thr Glu Thr Trp Met Ser 
100 105 110 

tea gaa ggg get tgg aaa eat gee cag aga att gaa att tgg ate ctg 3 84 

Ser Glu Gly Ala Trp Lys His Ala Gin Arg lie Glu lie Trp lie Leu 
115 120 125 

aga eat cca ggc ttc acc ata atg gca gca ate ctg gea tac ace ata 432 
Arg His Pro Gly Phe Thr lie Met Ala Ala lie Leu Ala Tyr Thr lie 
130 135 140 

ggg aeg aca cat ttc cag aga gca ctg att ttc ate tta ctg aca get 480 
Gly Thr Thr His Phe Gin Arg Ala Leu lie Phe lie Leu Leu Thr Ala 
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145 150 155 160 

gtc get cct tea atg aea atg egt tge ata gga ata tea aat aga gae 528 
Val Ala Pro Ser Met Thr Met Arg Cys lie Gly lie Ser Asn Arg Asp 
165 170 175 

ttt gta gaa ggg gtt tea gga gga age tgg gtt gae ata gte tta gaa 576 
Phe Val Glu Gly Val Ser Gly Gly Ser Trp Val Asp He Val Leu Glu 
180 185 190 

eat gga age tgt gtg aeg aeg atg gea aaa aae aaa cea aea ttg gat 624 
His Gly Ser Cys Val Thr Thr Met Ala Lys Asn Lys Pro Thr Leu Asp 
195 200 205 

ttt gaa etg ata aaa aea gaa gee aaa eag eet gee acc eta agg aag 672 
Phe Glu Leu He Lys Thr Glu Ala Lys Gin Pro Ala Thr Leu Arg Lys 
210 215 220 

tae tgt ata gag gea aag eta aee aae aea aea aea gaa tet egt tge 720 
Tyr Cys He Glu Ala Lys Leu Thr Asn Thr Thr Thr Glu Ser Arg Cys 
225 230 235 240 

cea aea caa ggg gaa ccc age eta aat gaa gag cag gat aaa agg tte 768 
Pro Thr Gin Gly Glu Pro Ser Leu Asn Glu Glu Gin Asp Lys Arg Phe 
245 250 255 

gte tge aaa cae tee atg gta gae aga gga tgg gga aat gga tgt gga 816 
Val Cys Lys His Ser Met Val Asp Arg Gly Trp Gly Asn Gly Cys Gly 
260 265 270 

tta ttt gga aag gga gge att gtg aee tgt get atg tte aea tge aaa 864 
Leu Phe Gly Lys Gly Gly He Val Thr Cys Ala Met Phe Thr Cys Lys 
275 280 285 

aag aae atg gag gga aaa gtt gtg cag cea gaa aae ttg gaa tac ace 912 
Lys Asn Met Glu Gly Lys Val Val Gin Pro Glu Asn Leu Glu Tyr Thr 
290 295 300 

att gtg gta aea eee cae tea ggg gaa gag eat geg gte gga aat gae 960 
He Val Val Thr Pro His Ser Gly Glu Glu His Ala Val Gly Asn Asp 
305 310 315 320 

aea gga aaa cat gge aag gaa ate aaa gta aea cea cag agt tec ate 1008 
Thr Gly Lys His Gly Lys Glu He Lys Val Thr Pro Gin Ser Ser He 
325 330 335 

aea gaa gea gaa ttg aea ggt tat gge act gte aeg atg gag tge tet 1056 
Thr Glu Ala Glu Leu Thr Gly Tyr Gly Thr Val Thr Met Glu Cys Ser 
340 345 350 

ecg aga aea gge etc gae tte aat gag atg gtg ttg ctg cag atg gaa 1104 
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Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val Leu Leu Gin Met Glu 
355 360 365 

aat aaa get tgg ctg gtg cat agg caa tgg ttc eta gac ctg ccg tta 1152 
Asn Lys Ala Trp Leu Val His Arg Gin Trp Phe Leu Asp Leu Pro Leu 
370 375 380 

oca tgg ctg ccc gga gcg gac aca caa ggg tea aat tgg ata caa aaa 1200 
Pro Trp Leu Pro Gly Ala Asp Thr Gin Gly Ser Asn Trp lie Gin Lys 
385 390 395 400 

gaa aca ttg gtc act ttc aaa aat cct cat gcg aag aaa cag gat gtt 1248 
Glu Thr Leu Val Thr Phe Lys Asn Pro His Ala Lys Lys Gin Asp Val 
405 410 415 

gtt gtt tta gga tee caa gaa ggg gee atg cac aca gca etc aca ggg 1296 
Val Val Leu Gly Ser Gin Glu Gly Ala Met His Thr Ala Leu Thr Gly 
420 425 430 

gee aca gaa ate caa atg tea tea gga aac tta etc ttc aca gga cat 1344 
Ala Thr Glu lie Gin Met Ser Ser Gly Asn Leu Leu Phe Thr Gly His 
435 440 445 

etc aag tgc agg ctg aga atg gac aag eta cag etc aaa gga atg tea 13 92 

Leu Lys Cys Arg Leu Arg Met Asp Lys Leu Gin Leu Lys Gly Met Ser 
450 455 460 

tac tet atg tgc aca gga aag ttt aaa gtt gtg aag gaa ata gca gaa 1440 
Tyr Ser Met Cys Thr Gly Lys Phe Lys Val Val Lys Glu lie Ala Glu 
465 470 475 480 

aca caa cat gga aca ata gtt ate agg gtg cag tat gaa ggg gac ggc 14 88 

Thr Gin His Gly Thr He Val He Arg Val Gin Tyr Glu Gly Asp Gly 
485 490 495 

tct cea tgt aaa ate cct ttt gag ata atg gat ttg gaa aaa aga cat 1536 
Ser Pro Cys Lys He Pro Phe Glu He Met Asp Leu Glu Lys Arg His 
500 505 510 

gtc tta ggt cge ctg ate aca gtc aac cea att gtg aca gaa aaa gat 1584 
Val Leu Gly Arg Leu He Thr Val Asn Pro He Val Thr Glu Lys Asp 
515 520 525 

age cea gtc aac ata gaa gca gaa cct cea ttc gga gac age tac ate 1632 
Ser Pro Val Asn He Glu Ala Glu Pro Pro Phe Gly Asp Ser Tyr He 
530 535 540 

ate ata gga gta gag ccg gga caa ctg aag etc aac tgg ttt aag aaa 1680 
He He Gly Val Glu Pro Gly Gin Leu Lys Leu Asn Trp Phe Lys Lys 
545 550 555 560 



gga agt tct ate ggc caa atg ttt gag aca aca atg agg ggg gcg aag 172 8 

Gly Ser Ser lie Gly Gin Met Phe Glu Thr Thr Met Arg Gly Ala Lys 
565 570 575 

aga atg gcc att ttg ggt gac aca gcc tgg gat ttt gga tec ctg gga 1776 
Arg Met Ala lie Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Leu Gly 
580 585 590 

gga gtg ttt aca tct ata gga aaa gcc etc cac caa gtc ttt gga gea 1824 
Gly Val Phe Thr Ser He Gly Lys Ala Leu His Gin Val Phe Gly Ala 
595 600 605 

ate tat gga get gee ttc agt ggg gtc tea tgg act atg aaa ate etc 1872 
He Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp Thr Met Lys He Leu 
610 615 620 

ata gga gtc att ate aca tgg ata gga atg aat tea cgc age ace tea 192 0 

He Gly Val He He Thr Trp He Gly Met Asn Ser Arg Ser Thr Ser 
625 630 635 640 

ctg tct gtg tea eta gta ttg gtg gga gtc gtg aeg ctg tat ttg gga 1968 
Leu Ser Val Ser Leu Val Leu Val Gly Val Val Thr Leu Tyr Leu Gly 
645 650 655 

gtt atg gtg ggc gee 1983 
Val Met Val Gly Ala 
660 



<210> 18 
<211> 661 
<212> PRT 

<213> Dengue -2 virus 
<406> 18 

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met He Val Ser Arg 

15 10 15 

Gin Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr Glu Asp Gly Val Asn 

20 25 30 

Met Cys Thr Leu Met Ala Met Asp Leu Gly Glu Leu Cys Glu Asp Thr 

35 40 45 

He Thr Tyr Lys Cys Pro Leu Leu Arg Gin Asn Glu Pro Glu Asp He 

50 55 60 

Asp Cys Trp Cys Asn Ser Thr Ser Thr Trp Val Thr Tyr Gly Thr Cys 
65 70 75 80 

Thr Thr Thr Gly Glu His Arg Arg Glu Lys Arg Ser Val Ala Leu Val 

85 90 95 

Pro His Val Gly Met Gly Leu Glu Thr Arg Thr Glu Thr Trp Met Ser 

100 105 110 

Ser Glu Gly Ala Trp Lys His Ala Gin Arg He Glu He Trp He Leu 
115 120 125 
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Arg His Pro Gly 
130 

Gly Thr Thr His 
145 

Val Ala Pro Ser 

Phe Val Glu Gly 
180 

His Gly Ser Cys 
195 

Phe Glu Leu lie 
210 

Tyr Cys lie Glu 
225 

Pro Thr Gin Gly 

Val Cys Lys His 
260 

Leu Phe Gly Lys 
275 

Lys Asn Met Glu 
2 90 

lie Val Val Thr 
305 

Thr Gly Lys His 

Thr Glu Ala Glu 
340 

Pro Arg Thr Gly 
355 

Asn Lys Ala Trp 
370 

Pro Trp Leu Pro 
385 

Glu Thr Leu Val 

Val Val Leu Gly 
420 

Ala Thr Glu He 
435 

Leu Lys Cys Arg 
450 

Tyr Ser Met Cys 
465 

Thr Gin His Gly 

Ser Pro Cys Lys 
500 

Val Leu Gly Arg 
515 

Ser Pro Val Asn 



Phe Thr He Met 
135 

Phe Gin Arg Ala 
150 

Met Thr Met Arg 
165 

Val Ser Gly Gly 

Val Thr Thr Met 
200 

Lys Thr Glu Ala 
215 

Ala Lys Leu Thr 
230 

Glu Pro Ser Leu 
245 

Ser Met Val Asp 

Gly Gly He Val 
280 

Gly Lys Val Val 
295 

Pro His Ser Gly 
310 

Gly Lys Glu He 
325 

Leu Thr Gly Tyr 

Leu Asp Phe Asn 
360 

Leu Val His Arg 
375 

Gly Ala Asp Thr 
390 

Thr Phe Lys Asn 
405 

Ser Gin Glu Gly 

Gin Met Ser Ser 
440 

Leu Arg Met Asp 
455 

Thr Gly Lys Phe 
470 

Thr He Val He 
485 

He Pro Phe Glu 

Leu He Thr Val 
520 

He Glu Ala Glu 



Ala Ala He Leu 
140 

Leu He Phe He 
155 

Cys He Gly He 
170 

Ser Trp Val Asp 
185 

Ala Lys Asn Lys 

Lys Gin Pro Ala 
220 

Asn Thr Thr Thr 
235 

Asn Glu Glu Gin 
250 

Arg Gly Trp Gly 
265 

Thr Cys Ala Met 

Gin Pro Glu Asn 
300 

Glu Glu His Ala 
315 

Lys Val Thr Pro 
330 

Gly Thr Val Thr 
345 

Glu Met Val Leu 

Gin Trp Phe Leu 
380 

Gin Gly Ser Asn 
395 

Pro His Ala Lys 
410 

Ala Met His Thr 
425 

Gly Asn Leu Leu 

Lys Leu Gin Leu 
460 

Lys Val Val Lys 
475 

Arg Val Gin Tyr 
490 

He Met Asp Leu 
505 

Asn Pro He Val 
Pro Pro Phe Gly 



Ala Tyr Thr He 

Leu Leu Thr Ala 
160 

Ser Asn Arg Asp 
175 

He Val Leu Glu 
190 

Pro Thr Leu Asp 
205 

Thr Leu Arg Lys 

Glu Ser Arg Cys 
240 

Asp Lys Arg Phe 
255 

Asn Gly Cys Gly 
270 

Phe Thr Cys Lys 
285 

Leu Glu Tyr Thr 

Val Gly Asn Asp 
320 

Gin Ser Ser He 
335 

Met Glu Cys Ser 
350 

Leu Gin Met Glu 
365 

Asp Leu Pro Leu 

Trp He Gin Lys 
400 

Lys Gin Asp Val 
415 

Ala Leu Thr Gly 
430 

Phe Thr Gly His 
445 

Lys Gly Met Ser 

Glu He Ala Glu 
480 

Glu Gly Asp Gly 
495 

Glu Lys Arg His 
510 

Thr Glu Lys Asp 
525 

Asp Ser Tyr He 



• 



\ 



530 

He He Gly Val 
545 

Gly Ser Ser He 

Arg Met Ala He 
580 

Gly Val Phe Thr 
595 

He Tyr Gly Ala 
610 

He Gly Val He 
625 

Leu Ser Val Ser 

Val Met Val Gly 
660 



535 

Glu Pro Gly Gin 
550 

Gly Gin Met Phe 
565 

Leu Gly Asp Thr 

Ser He Gly Lys 
600 

Ala Phe Ser Gly 
615 

He Thr Trp He 
630 

Leu Val Leu Val 

645 

Ala 



540 

Leu Lys Leu Asn 
555 

Glu Thr Thr Met 
570 

Ala Trp Asp Phe 
585 

Ala Leu His Gin 

Val Ser Trp Thr 
620 

Gly Met Asn Ser 
635 

Gly Val Val Thr 
650 



Trp Phe Lys Lys 
560 

Arg Gly Ala Lys 
575 

Gly Ser Leu Gly 
590 

Val Phe Gly Ala 
605 

Met Lys He Leu 

Arg Ser Thr Ser 
640 

Leu Tyr Leu Gly 
655 



<210> 19 

<211> 11916 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Japanese 
Encephalitis virus 



<400> 19 

agtaaatcct gtgtgctaat tgaggtgcat tggtctgcaa atcgagttgc taggcaataa 60 

acacatttgg attaatttta atcgttcgtt gagcgattag cagagaactg accagaacat 120 

gtctggtcgt aaagctcagg gaaaaaccct gggcgtcaat atggtacgac gaggagttcg 180 

ctccttgtca aacaaaataa aacaaaaaac aaaacaaatt ggaaacagac ctggaccttc 240 

aagaggtgtt caaggattta tctttttctt tttgttcaac attttagtag ctatgtgtgc 300 

aaacaaggct tcactgaccg tgggtggggc aacggatgtg gatttttcgg gaagggaagc 360 

attgacacat gtgcaaaatt ctcctgcacc agtaaagcga ttgggagaac aatccagcca 420 

gaaaacatca aatacaaagt tggcattttt gtgcatggaa ccaccacttc ggaaaaccat 4 80 

gggaattatt cagcgcaagt tggggcgtcc caggcggcaa agtttacagt aacacccaat 54 0 

gctccttcgg tagccctcaa acttggtgac tacggagaag tcacactgga ctgtgagcca 600 

aggagtggac tgaacactga agcgttttac gtcatgaccg tggggtcaaa gtcatttctg 660 

gtccataggg agtggtttca tgacctcgct ctcccctgga cgtccccttc gagcacagcg 720 

tggagaaaca gagaactcct catggaattt gaaggggcgc acgccacaaa acagtccgtt 780 

gttgctcttg ggtcacagga aggaggcctc catcatgcgt tggcaggagc catcgtggtg 84 0 

gagtactcaa gctcagtgat gttaacatca ggccacctga aatgtaggct gaaaatggac 900 

aaactggctc tgaaaggcac aacctatggc atgtgtacag aaaaattctc gttcgcgaaa 960 

aatccggtgg acactggtca cggaacagtt gtcattgaac tctcctactc tgggagtgat 1020 

ggcccctgca aaattccgat tgtttccgtt gcgagcctca atgacatgac ccccgttggg 1080 

cggctggtga cagtgaaccc cttcgtcgcg acttccagtg ccaactcaaa ggtgctggtc 1140 

gagatggaac cccccttcgg agactcctac atcgtagttg gaaggggaga caagcagatc 12 00 

aaccaccatt ggcacaaagc tggaagcacg ctgggcaagg ccttttcaac aactttgaag 1260 

ggagctcaaa gactggcagc gttgggcgac acagcctggg actttggctc tattggaggg 13 2 0 

gtcttcaact ccataggaag agccgttcac caagtgtttg gtggtgcctt cagaacactc 1380 
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tttgggggaa tgtcttggat cacacaaggg ctaatgggtg ccctactgct ctggatgggc 144 0 

gtcaacgcac gagaccgatc aattgctttg gccttcttag ccacaggagg tgtgctcgtg 1500 

ttcttagcga ccatgtgggc gccgatcaag gatgcgccat caactttggc aagagagagc 1560 

tcaagtgcgg agatggtatc ttcatattta gagactctga tgactggctg aacaagtact 162 0 

catactatcc agaagatcct gtgaagcttg catcaatagt gaaagcctct tttgaagaag 1680 

ggaagtgtgg cctaaattca gttgactccc ttgagcatga gatgtggaga agcagggcag 174 0 

atgagatcaa tgccattttt gaggaaaacg aggtggacat ttctgttgtc gtgcaggatc 1800 

caaagaatgt ttaccagaga ggaactcatc cattttccag aattcgggat ggtctgcagt 1860 

atggttggaa gacttggggt aagaaccttg tgttctcccc agggaggaag aatggaagct 192 0 

tcatcataga tggaaagtcc aggaaagaat gcccgttttc aaaccgggtc tggaattctt 198 0 

tccagataga ggagtttggg acgggagtgt tcaccacacg cgtgtacatg gacgcagtct 2 04 0 

ttgaatacac catagactgc gatggatcta tcttgggtgc agcggtgaac ggaaaaaaga 210 0 

gtgcccatgg ctctccaaca ttttggatgg gaagtcatga agtaaatggg acatggatga 2160 

tccacacctt ggaggcatta gattacaagg agtgtgagtg gccactgaca catacgattg 222 0 

gaacatcagt tgaagagagt gaaatgttca tgccgagatc aatcggaggc ccagttagct 2 2 80 
ctcacaatca tatccctgga tacaaggttc agacgaacgg accttggatg caggtaccac . 2340 

tagaagtgaa gagagaagct tgcccaggga ctagcgtgat cattgatggc aactgtgatg 24 00 

gacggggaaa atcaaccaga tccaccacgg atagcgggaa agttattcct gaatggtgtt 2460 

gccgctcctg cacaatgccg cctgtgagct tccatggtag tgatgggtgt tggtatccca 2520 

tggaaattag gccaaggaaa acgcatgaaa gccatctggt gcgctcctgg gttacagctg 2580 

gagaaataca tgctgtccct tttggtttgg tgagcatgat gatagcaatg gaagtggtcc 2 64 0 

taaggaaaag acagggacca aagcaaatgt tggttggagg agtagtgctc ttgggagcaa 2 7 00 

tgctggtcgg gcaagtaact ctccttgatt tgctgaaact cacagtggct gtgggattgc 2760 

atttccatga gatgaacaat ggaggagacg ccatgtatat ggcgttgatt gctgcctttt 2820 

caatcagacc agggctgctc atcggctttg ggctcaggac cctatggagc cctcgggaac 2 880 

gccttgtgct gaccctagga gcagccatgg tggagattgc cttgggtggc gtgatgggcg 2 94 0 

gcctgtggaa gtatctaaat gcagtttctc tctgcatcct gacaataaat gctgttgctt 3000 

ctaggaaagc atcaaatacc atcttgcccc tcatggctct gttgacacct gtcactatgg 3060 

ctgaggtgag acttgccgca atgttctttt gtgccatggt tatcataggg gtccttcacc 3120 

agaatttcaa ggacacctcc atgcagaaga ctatacctct ggtggccctc acactcacat 3180 

cttacctggg cttgacacaa ccttttttgg gcctgtgtgc atttctggca acccgcatat 3240 

ttgggcgaag gagtatccca gtgaatgagg cactcgcagc agctggtcta gtgggagtgc 3300 

tggcaggact ggcttttcag gagatggaga acttccttgg tccgattgca gttggaggac 3360 

tcctgatgat gctggttagc gtggctggga gggtggatgg gctagagctc aagaagcttg 3420 

gtgaagtttc atgggaagag gaggcggaga tcagcgggag ttccgcccgc tatgatgtgg 34 8 0 

cactcagtga acaaggggag ttcaagctgc tttctgaaga gaaagtgcca tgggaccagg 3 54 0 

ttgtgatgac ctcgctggcc ttggttgggg ctgccctcca tccatttgct cttctgctgg 3600 

tccttgctgg gtggctgttt catgtcaggg gagctaggag aagtggggat gtcttgtggg 3660 

atattcccac tcctaagatc atcgaggaat gtgaacatct ggaggatggg atttatggca 372 0 

tattccagtc aaccttcttg ggggcctccc agcgaggagt gggagtggca cagggagggg 3 78 0 

tgttccacac aatgtggcat gtcacaagag gagctttcct tgtcaggaat ggcaagaagt 3 84 0 

tgattccatc ttgggcttca gtaaaggaag accttgtcgc ctatggtggc tcatggaagt 3 90 0 

tggaaggcag atgggatgga gaggaagagg tccagttgat cgcggctgtt ccaggaaaga 3 960 

acgtggtcaa cgtccagaca aaaccgagct tgttcaaagt gaggaatggg ggagaaatcg 4 02 0 

gggctgtcgc tcttgactat ccgagtggca cttcaggatc tcctattgtt aacaggaacg 4 08 0 

gagaggtgat tgggctgtac ggcaatggca tccttgtcgg tgacaactcc ttcgtgtccg 414 0 

ccatatccca gactgaggtg aaggaagaag gaaaggagga gctccaagag atcccgacaa 42 0 0 

tgctaaagaa aggaatgaca actgtccttg attttcatcc tggagctggg aagacaagac 4260 

gtttcctccc acagatcttg gccgagtgcg cacggagacg cttgcgcact cttgtgttgg 432 0 

cccccaccag ggttgttctt tctgaaatga aggaggcttt tcacggcctg gacgtgaaat 43 80 

tccacacaca ggctttttcc gctcacggca gcgggagaga agtcattgat gccatgtgcc 4440 
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atgccaccct aacttacagg atgttggaac caactagggt tgttaactgg gaagtgatca 4500 

ttatggatga agcccatttt ttggatccag ctagcatagc cgctagaggt tgggcagcgc 4560 

acagagctag ggcaaatgaa agtgcaacaa tcttgatgac agccacaccg cctgggacta 4620 

gtgatgaatt tccacattca aatggtgaaa tagaagatgt tcaaacggac atacccagtg 4680 

agccctggaa cacagggcat gactggatcc tggctgacaa aaggcccacg gcatggttcc 4740 

ttccatccat cagagctgca aatgtcatgg ctgcctcttt gcgtaaggct ggaaagagtg 4 800 

tggtggtcct gaacaggaaa acctttgaga gagaataccc cacgataaag cagaagaaac 4 860 

ctgactttat attggccact gacatagctg aaatgggagc caacctttgc gtggagcgag 4 92 0 

tgctggattg caggacggct tttaagcctg tgcttgtgga tgaagggagg aaggtggcaa 4 98 0 

taaaagggcc acttcgtatc tccgcatcct ctgctgctca aaggaggggg cgcattggga 5040 

gaaatcccaa cagagatgga gactcatact actattctga gcctacaagt gaaaataatg 5100 

cccaccacgt ctgctggttg gaggcctcaa tgctcttgga caacatggag gtgaggggtg 5160 

gaatggtcgc cccactctat ggcgttgaag gaactaaaac accagtttcc cctggtgaaa 522 0 

tgagactgag ggatgaccag aggaaagtct tcagagaact agtgaggaat tgtgacctgc 52 8 0 

ccgtttggct ttcgtggcaa gtggccaagg ctggtttgaa gacgaatgat cgtaagtggt 534 0 

gttttgaagg ccctgaggaa catgagatct tgaatgacag cggtgaaaca gtgaagtgca 54 0 0 

gggctcctgg aggagcaaag aagcctctgc gcccaaggtg gtgtgatgaa agggtgtcat 54 60 

ctgaccagag tgcgctgtct gaatttatta agtttgctga aggtaggagg ggagctgctg 552 0 

aagtgctagt tgtgctgagt gaactccctg atttcctggc taaaaaaggt ggagaggcaa 5580 

tggataccat cagtgtgttc ctccactctg aggaaggctc tagggcttac cgcaatgcac 5640 

tatcaatgat gcctgaggca atgacaatag tcatgctgtt tatactggct ggactactga 5700 

catcgggaat ggtcatcttt ttcatgtctc ccaaaggcat cagtagaatg tctatggcga 5760 

tgggcacaat ggccggctgt ggatatctca tgttccttgg aggcgtcaaa cccactcaca 5820 

tctcctatgt catgctcata ttctttgtcc tgatggtggt tgtgatcccc gagccagggc 5880 

aacaaaggtc catccaagac aaccaagtgg catacctcat tattggcatc ctgacgctgg 5940 

tttcagcggt ggcagccaac gagctaggca tgctggagaa aaccaaagag gacctctttg 6000 

ggaagaagaa cttaattcca tctagtgctt caccctggag ttggccggat cttgacctga 6060 

agccaggagc tgcctggaca gtgtacgttg gcattgttac aatgctctct ccaatgttgc 612 0 

accactggat caaagtcgaa tatggcaacc tgtctctgtc tggaatagcc cagtcagcct 6180 

cagtcctttc tttcatggac aaggggatac cattcatgaa gatgaatatc tcggtcataa 6240 

tgctgctggt cagtggctgg aattcaataa cagtgatgcc tctgctctgt ggcatagggt 6300 

gcgccatgct ccactggtct ctcattttac ctggaatcaa agcgcagcag tcaaagcttg 6360 

cacagagaag ggtgttccat ggcgttgcca agaaccctgt ggttgatggg aatccaacag 642 0 

ttgacattga ggaagctcct gaaatgcctg ccctttatga gaagaaactg gctctatatc 6480 

tccttcttgc tctcagccta gcttctgttg ccatgtgcag aacgcccttt tcattggctg 6540 

aaggcattgt cctagcatca gctgccttag ggccgctcat agagggaaac accagccttc 6600 

tttggaatgg acccatggct gtctccatga caggagtcat gagggggaat cactatgctt 6660 

ttgtgggagt catgtacaat ctatggaaga tgaaaactgg acgccggggg agcgcgaatg 6720 

gaaaaacttt gggtgaagtc tggaagaggg aactgaatct gttggacaag cgacagtttg 67 80 

agttgtataa aaggaccgac attgtggagg tggatcgtga tacggcacgc aggcatttgg 6 84 0 

ccgaagggaa ggtggacacc ggggtggcgg tctccagggg gaccgcaaag ttaaggtggt 6900 

tccatgagcg tggctatgtc aagctggaag gtagggtgat tgacctgggg tgtggccgcg 6960 

gaggctggtg ttactacgct gctgcgcaaa aggaagtgag tggggtcaaa ggatttactc 7 02 0 

ttggaagaga cggccatgag aaacccatga atgtgcaaag tctgggatgg aacatcatca 7080 

ccttcaagga caaaactgat atccaccgcc tagaaccagt gaaatgtgac acccttttgt 7140 

gtgacattgg agagtcatca tcgtcatcgg tcacagaggg ggaaaggacc gtgagagttc 7200 

ttgatactgt agaaaaatgg ctggcttgtg gggttgacaa cttctgtgtg aaggtgttag 72 60 

ctccatacat gccagatgtt cttgagaaac tggaattgct ccaaaggagg tttggcggaa 7320 

cagtgatcag gaaccctctc tccaggaatt ccactcatga aatgtactac gtgtctggag 73 80 

cccgcagcaa tgtcacattt actgtgaacc aaacatcccg cctcctgatg aggagaatga 7440 

ggcgtccaac tggaaaagtg accctggagg ctgacgtcat cctcccaatt gggacacgca 7500 
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gtgttgagac agacaaggga cccctggaca aagaggccat agaagaaagg gttgagagga 7560 

taaaatctga gtacatgacc tcttggtttt atgacaatga caacccctac aggacctggc 7620 

actactgtgg ctcctatgtc acaaaaacct ccggaagtgc ggcgagcatg gtaaatggtg 7680 

ttattaaaat tctgacatat ccatgggaca ggatagagga ggtcacaaga atggcaatga 774 0 

ctgacacaac cccttttgga cagcaaagag tgtttaaaga aaaagttgac accagagcaa 7 80 0 

aggatccacc agcgggaact aggaagatca tgaaagttgt caacaggtgg ctgttccgcc 7860 

acctggccag agaaaagaac cccagactgt gcacaaagga agaatttatt gcaaaagtcc 7 92 0 

gaagtcatgc agccattgga gcttacctgg aagaacaaga acagtggaag actgccaatg 7 98 0 

aggctgtcca agacccaaag ttctgggaac tggtggatga agaaaggaag ctgcaccaac 8 04 0 

aaggcaggtg tcggacttgt gtgtacaaca tgatggggaa aagagagaag aagctgtcag 8100 

agtttgggaa agcaaaggga agccgtgcca tatggtatat gtggctggga gcgcggtatc 8160 

ttgagtttga ggccctggga ttcctgaatg aggaccattg ggcttccagg gaaaactcag 822 0 

gaggaggagt ggaaggcatt ggcttacaat acctaggata tgtgatcaga gacctggctg 82 8 0 

caatggatgg tggtggattc tacgcggatg acaccgctgg atgggacacg cgcatcacag 834 0 

aggcagacct tgatgatgaa caggagatct tgaactacat gagcccacat cacaaaaaac 84 00 

tggcacaagc agtgatggaa atgacataca agaacaaagt ggtgaaagtg ttgagaccag 84 60 

ccccaggagg gaaagcctac atggatgtca taagtcgacg agaccagaga ggatccgggc 852 0 

aggtagtgac ttatgctctg aacaccatca ccaacttgaa agtccaattg atcagaatgg 8580 

cagaagcaga gatggtgata catcaccaac atgttcaaga ttgtgatgaa tcagttctga 864 0 

ccaggctgga ggcatggctc actgagcacg gatgtgacag actgaagagg atggcggtga 87 00 

gtggagacga ctgtgtggtc cggcccatcg atgacaggtt cggcctggcc ctgtcccatc 8760 

tcaacgccat gtccaaggtt agaaaggaca tatctgaatg gcagccatca aaagggtgga 882 0 

atgattggga gaatgtgccc ttctgttccc accacttcca tgaactacag ctgaaggatg 88 8 0 

gcaggaggat tgtggtgcct tgccgagaac aggacgagct cattgggaga ggaagggtgt 8 940 

ctccaggaaa cggctggatg atcaaggaaa cagcttgcct cagcaaagcc tatgccaaca 90 00 

tgtggtcact gatgtatttt cacaaaaggg acatgaggct actgtcattg gctgtttcct 9060 

cagctgttcc cacctcatgg gttccacaag gacgcacaac atggtcgatt catgggaaag 9120 

g99^9tggat gaccacggaa gacatgcttg aggtgtggaa cagagtatgg ataaccaaca 918 0 

acccacacat gcaggacaag acaatggtga aaaaatggag agatgtccct tatctaacca 9240 

agagacaaga caagctgtgc ggatcactga ttggaatgac caatagggcc acctgggcct 93 0 0 

cccacatcca tttagtcatc catcgtatcc gaacgctgat tggacaggag aaatacactg 9360 

actacctaac agtcatggac aggtattctg tggatgctga cctgcaactg ggtgagctta 9420 

tctgaaacac catctaacag gaataaccgg gatacaaacc acgggtggag aaccggactc 94 8 0 

cccacaacct gaaaccggga tataaaccac ggctggagaa ccgggctccg cacttaaaat 9540 

gaaacagaaa ccgggataaa aactacggat ggagaaccgg actccacaca ttgagacaga 9600 

agaagttgtc agcccagaac cccacacgag ttttgccact gctaagctgt gaggcagtgc 9660 

aggctgggac agccgacctc caggttgcga aaaacctggt ttctgggacc tcccacccca 972 0 

gagtaaaaag aacggagcct ccgctaccac cctcccacgt ggtggtagaa agacggggtc 9780 

tagaggttag aggagaccct ccagggaaca aatagtggga ccatattgac gccagggaaa 984 0 

gaccggagtg gttctctgct tttcctccag aggtctgtga gcacagtttg ctcaagaata 9900 

agcagacctt tggatgacaa acacaaaacc actttccatc taaccacacg taacggagaa 9960 

ccacacatga tcgtcagtag acaagagaaa gggaaaagtc ttttgtttaa aacagaggat 1002 0 

99cgtgaaca tgtgcaccct catggccatg gaccttggtg aattgtgtga agacacaatc 10080 

acgtacaagt gtccccttct caggcagaat gagccagaag acatagactg ctggtgcaac 1014 0 

tccacgtcca cgtgggtaac ctatgggact tgtaccacca cgggagaaca tagaagagaa 102 0 0 

aaaagatcag tggcactcgt tccacatgtg ggaatgggac tggagacgcg aactgaaaca 102 60 

tggatgtcat cagaaggggc ttggaaacat gcccagagaa ttgaaatttg gatcctgaga 103 2 0 

catccaggct tcaccataat ggcagcaatc ctggcataca ccatagggac gacacatttc 103 8 0 

cagagagcac tgattttcat cttactgaca gctgtcgctc cttcaatgac aatgcgttgc 10440 

ataggaatat caaatagaga ctttgtagaa ggggtttcag gaggaagctg ggttgacata 10500 

gtcttagaac atggaagctg tgtgacgacg atggcaaaaa acaaaccaac attggatttt 10560 
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gaactgataa aaacagaagc caaacagcct gccaccctaa ggaagtactg tatagaggca 10620 

aagctaacca acacaacaac agaatctcgt tgcccaacac aaggggaacc cagcctaaat 10680 

gaagagcagg ataaaaggtt cgtctgcaaa cactccatgg tagacagagg atggggaaat 1074 0 

ggatgtggat tatttggaaa gggaggcatt gtgacctgtg ctatgttcac atgcaaaaag 10800 

aacatggagg gaaaagttgt gcagccagaa aacttggaat acaccattgt ggtaacaccc 10860 

cactcagggg aagagcatgc ggtcggaaat gacacaggaa aacatggcaa ggaaatcaaa 1092 0 

gtaacaccac agagttccat cacagaagca gaattgacag gttatggcac tgtcacgatg 10980 

gagtgctctc cgagaacagg cctcgacttc aatgagatgg tgttgctgca gatggaaaat 11040 

aaagcttggc tggtgcatag gcaatggttc ctagacctgc cgttaccatg gctgcccgga 11100 

gcggacacac aagggtcaaa ttggatacaa aaagaaacat tggtcacttt caaaaatcct 11160 

catgcgaaga aacaggatgt tgttgtttta ggatcccaag aaggggccat gcacacagca 11220 

ctcacagggg ccacagaaat ccaaatgtca tcaggaaact tactcttcac aggacatctc 112 80 

aagtgcaggc tgagaatgga caagctacag ctcaaaggaa tgtcatactc tatgtgcaca 11340 

ggaaagttta aagttgtgaa ggaaatagca gaaacacaac atggaacaat agttatcagg 11400 

gtgcagtatg aaggggacgg ctctccatgt aaaatccctt ttgagataat ggatttggaa 11460 

aaaagacatg tcttaggtcg cctgatcaca gtcaacccaa ttgtgacaga aaaagatagc 11520 

ccagtcaaca tagaagcaga acctccattc ggagacagct acatcatcat aggagtagag 11580 

ccgggacaac tgaagctcaa ctggtttaag aaaggaagtt ctatcggcca aatgtttgag 1164 0 

acaacaatga ggggggcgaa gagaatggcc attttgggtg acacagcctg ggattttgga 11700 

tccctgggag gagtgtttac atctatagga aaagccctcc accaagtctt tggagcaatc 11760 

tatggagctg ccttcagtgg ggtctcatgg actatgaaaa tcctcatagg agtcattatc 1182 0 

acatggatag gaatgaattc acgcagcacc tcactgtctg tgtcactagt attggtggga 11880 

gtcgtgacgc tgtatttggg agttatggtg ggcgcc 11916 



<210> 20 
<211> 3280 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Derived from Yellow Fever virus and Japanese 
Encephalitis virus 



<400> 20 
Gin Arg Thr Thr 
1 

Arg Arg Lys Thr 
20 

Val Val Val Ser 
35 

lie lie Lys Gin 
50 

Gly Phe Phe Leu 
65 

Cys Cys Cys Cys 

Cys Cys lie Phe 
100 

Ala Lys Lys Leu 



Pro Glu His His 
5 

Thr Gly Arg Gin 

Leu Ser Ser Gin 
40 

Gin Leu Asp Leu 
55 

Phe Leu Leu Cys 
70 

Lys Gin Gly Gly 
85 

Arg Arg Arg Glu 
Leu His His Val 



His His Val Trp 
10 

Gin Trp Tyr Asp 
25 

Asn Asn Asn Lys 

Leu Leu Leu Leu 
60 

Ser Ser lie Leu 
75 

His Pro Pro Gly 
90 

Glu Glu Glu Glu 
105 

Lys Arg Arg Gly 



Ser Ser Lys Leu 
15 

Asp Gly Val Val 
30 

Lys Lys Lys Gin 
45 

Glu Val Val Gin 

Val Val Tyr Val 
80 

Gly Gly Asn Gly 
95 

Leu Thr His His 
110 

Arg Arg Asn Pro 
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115 120 125 

Ala Ala Ala Ala Ala Lys His His Asn Thr Lys Lys Gly lie Phe Phe 

130 135 140 

Ala Trp Trp Pro Pro Leu Leu Glu Asn His His His His Gly Asn Tyr 
145 150 155 160 

Tyr Ser Ala Ser Ser Gly Arg Arg Gin Ala Ala Ala Val Tyr Ser Ser 

165 170 175 

His Pro Pro Pro Pro Pro Leu Leu Arg Arg Ala Leu Leu Thr Trp Thr 

180 185 190 

Glu Lys Lys Thr Leu Leu Leu Ala Ala Ala Ala Ala Glu Trp Trp Thr 

195 200 205 

Leu Leu Ala Phe Tyr Tyr His Asp Asp Trp Gly Gin Gin Ser Phe Leu 

210 215 220 

Leu Leu Leu Val His Arg Arg Val Val Ser Ser Thr Ser Ser Leu Pro 
225 230 235 240 

Trp Trp Val Pro Phe Phe Ala Gin Gin Gin Gin Gin Gly Glu Thr Thr 

245 250 255 

Glu Leu Leu His Gly lie lie Lys Gly Arg Arg Ala Thr Thr Thr Val 

260 265 270 

Arg Arg Arg Arg Arg Cys Ser Ser Gly His Arg Arg Gly Gly Leu Leu 

275 280 285 

Ser Cys Cys Trp Gin Glu Glu He Val Val Val Val Val Glu Tyr Ser 

290 295 300 

Ser Leu Ser Asp Asp His His Gly His Leu Leu Met Ala Ala Lys Trp 
305 310 315 320 

Trp Trp Trp Trp Asn Trp Leu Leu Lys Gly Gly Asn Leu Trp Trp Cys 

325 330 335 

Val Gin Gin Lys Phe Phe Val Arg Glu Glu Glu Glu Glu Ser Gly Gly 

340 345 350 

Thr Leu Val Val Gly Thr Val Val His Ser Pro Thr Thr Gly Ser Asp 

355 360 365 

Asp Asp Asp Gly Pro Cys Cys Asn Ser Asp Asp Phe Pro Pro Ala Ser 

370 375 380 

Leu Leu His Asp Asp Pro Leu Leu Leu Leu Leu Gly Trp Val Asn Asn 
385 390 395 400 

Leu Arg Arg Arg Leu Pro Val Val Asn Ser Ser Gly Ala Gly Gly Gly 

405 410 415 

Gly Gly Asp Gly Gly Pro Pro Ser Ser Asp Ser Tyr Tyr Arg Ser Ser 

420 425 430 

Glu Gly Glu Glu Lys Gin He He He He Asn His His His Ala Gin 

435 440 445 

Ser Ser Glu Ala Ala Leu Gly Lys Lys Leu Phe Asn Asn Leu Glu Leu 

450 455 460 

Lys Lys Leu Ala Ala Val Gly Arg Arg Gin Pro Gly Gly Phe Gly Gly 
465 470 475 480 

Tyr Trp Arg. Arg Arg Arg Arg Leu Gin Gin Pro Glu Glu Ala Val His 

485 490 495 

His Ser Val Val Val Val Pro Pro Arg Thr Leu Leu Leu Leu Phe Gly 

500 505 510 

Gly Gly Val Leu Asp Asp His Lys Lys Leu Met Gly Gly Pro Thr Ala 
515 520 525 
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Ala Gly Trp Trp 
530 

Phe Phe Pro Ser 
545 

Ser Pro Cys Gly 

Arg Glu Ser Ser 
580 

lie Glu Thr Leu 
595 

Leu Ser Ser Lys 
610 

Pro Phe Glu Glu 
625 

Thr Pro Pro Glu 

Met Arg Ser Ser 
660 

Val Val Val Ala 
675 

Gly Thr His His 
690 

Gin Gin Gly Trp 
705 

Arg Glu Glu Glu 

Glu Arg Arg Ala 
740 

Phe Pro Asp Arg 
755 

Cys Thr Thr Asp 
770 

Leu Met Asp Leu 
785 

Arg Arg Val Pro 

Met Val Asn Gly 
820 

His His Asp Tyr 
835 

lie Thr Ser Ser 
850 

Arg Arg Gin Leu 
865 

Gin Gly Gly Arg 

Thr Arg Ser Glu 
900 

Met Met Asn Cys 
915 

Pro Pro Arg Arg 



Trp Trp Trp Ser 
535 

Thr Gly Gly Cys 
550 

Gly Pro lie Lys 
565 

Ser Ser Ser Ser 

Leu Asp Trp Leu 
600 

He He Val Lys 
615 

Glu Glu Glu Glu 
630 

His His Asp Val 
645 

Ala He Phe Phe 

Gly Gly Gly Gly 
680 

He Phe Gin Gin 
695 

Trp Asp Leu Gly 
710 

Met Glu Ala Ala 
725 

Arg Phe Phe Asn 

Arg Ser Leu Leu 
760 

Ala Val Val Val 
775 

Leu Leu Gly Gly 
790 

Met Met Ser Pro 
805 

Gly Met Asp Asp 

Lys Lys Val Val 
840 

Arg Glu Glu Lys 
855 

Ala Ala Ala Ala 
870 

Arg Thr Thr Pro 
885 

Glu Glu Lys Lys 

Asp Asp Asp Asp 
920 

Ser Gly Gly Ser 



Thr His His Asp 
540 

Ala Arg Arg Arg 
555 

Lys Cys Ala Ala 
570 

Ala Ala Asp Gly 
585 

Leu Gin Val Val 

Leu Leu He Asn 
620 

Lys Cys Cys Pro 
635 

Glu Glu Ala Gly 
650 

Gly Lys Lys Arg 
665 

Gly Lys Glu Cys 

Phe Gly Gly Gly 
700 

Gly Arg Thr Leu 
715 

Ala Ala Ser Ser 
730 

Arg Val Val Glu 
745 

Thr Gly Val Val 

Val Val Glu Tyr 
780 

Ser Gly Glu Glu 
795 

Thr Thr Leu Asp 
810 

Asp Asp Asp Pro 
825 

Val His His Thr 

Cys Ser Ser Pro 
860 

Leu Thr He He 
875 

Trp Met Met Gly 
890 

Cys Pro Gly Gly 
905 

Asp Arg Gly Gly 
Tyr Ser Ser Asn 
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Arg Arg Asn Cys 

Arg Arg Leu Ser 
560 

Gin Leu Trp Trp 
575 

He He His He 
590 

Val Val Val He 
605 

Ser Ser Lys Pro 

Lys Phe Phe Leu 
640 

Gin Gin Gin Gin 
655 

Trp Thr Thr Ser 
670 

Cys Thr Arg Arg 
685 

Leu Gin Gin Gin 

Leu Phe Ser Ser 
720 

Gly Lys Ser Ser 
735 

Phe Phe Phe Phe 
750 

His His Thr Thr 
765 

Tyr His Arg Leu 

Glu Lys Arg Arg 
800 

Asp Glu Val Met 
815 

His Leu Leu Arg 
830 

He He He He 
845 

Arg Arg Asn Arg 

He Pro Gly Gly 
880 

Thr Thr Thr Thr 
895 

Arg Asp Asp Leu 
910 

He Asn Gin Gin 
925 

Gly Val Val Val 




930 



935 



940 



Val Ala Ala Pro Pro Thr Met Pro Pro Cys Glu Glu Ser Met Val Val 
945 950 955 960 

Asp Gly Cys Cys Val Ser Ser Ser Ser Ser Gly Asn Gin Gly Gly Thr 

965 970 975 

His Glu Glu Pro Ser Gly Gly Ala Pro Pro Val Thr Ala Ala Ala Ala 

980 985 990 

Ala Glu lie lie Cys Cys Pro Pro Leu Val Trp Trp Ser Met Met Asp 

995 1000 1005 

Ser Asn Asn Lys Trp Ser Ser Ser Ser Gly Lys Lys Gin Gly Pro Pro 

1010 1015 1020 

Ala Asn Asn Trp Leu Glu Glu Val Val Leu Leu Gly Ser Ser Ser Ser 
1025 1030 1035 104 

Ser Ala Gly Arg Arg Lys Leu Leu Asp Asp Ala Glu Thr Thr Gin Trp 

1045 1050 1055 

Trp Val Gly Leu Leu Leu Leu Leu Phe His His Asp Glu Gin Gin Glu 

1060 1065 1070 

Glu Thr Thr Met Tyr Tyr Gly Val Asp Asp Leu Pro Phe Phe Phe Phe 

1075 1080 1085 

Gin Ser Asp Asp Gly Leu Leu Leu Arg Leu Leu Gly Ser Gly Gly Leu 

1090 1095 1100 

Trp Ser Ser Ser Gly Gly Gly Gly Gly Pro Cys Ala Ala Pro Ala Ala 
1105 1110 1115 112 

Met Met Gly Asp Cys Cys Trp Val Val Val Met Gly Gly Gly Gly Gly 

1125 1130 1135 

Leu Trp Trp Val Ser Lys Lys Gin Phe Leu Leu Cys lie lie Asp Asn 

1140 1145 1150 

Lys Lys Leu Leu Leu Leu Leu Leu Leu Gly Lys Lys Ser Asn Thr Thr 

1155 1160 1165 

Leu Ala Ala Ser Trp Leu Leu Leu Thr Pro Pro His Tyr Tyr Tyr Tyr 

1170 1175 1180 

Tyr Gly Glu Glu Leu Pro Pro Met Phe Phe Phe Cys His Gly Gly Ser 
1185 1190 1195 120 

Val Leu His His His His His Asn Phe Phe Gly His Leu Leu Cys Arg 

1205 1210 1215 

Arg, Arg lie Pro Pro Gly Gly Pro Pro His Ser His His His His Leu 

1220 1225 1230 

Thr Trp Trp Leu Thr Gin Gin Phe Phe Phe Ala Cys Val Val Phe Leu 

1235 1240 1245 

Ala Ala Pro His His His His His Trp Ala Lys Lys Val Ser Ser Val 

1250 1255 1260 

Asn Glu Glu Thr Arg Ser Ser Leu Val Val Val Gly Val Val Val Val 
1265 1270 1275 128 

Val Ala Gly Gly Gly Phe Ser Ser Arg Trp Arg Arg Phe Leu Leu Ser 

1285 1290 1295 

Asp Cys Cys Leu Glu Asp Asp Asp Asp Ser Leu Val Ser Ser Gly Trp 

1300 1305 1310 

Trp Gly Trp Met Met Leu Glu Leu Leu Glu Ala Ala Ala Ala Ala Ser 

1315 1320 1325 

Phe Phe Gly Lys Lys Glu Ala Glu Glu Gin Arg Glu Glu Pro Pro Pro 
1330 1335 1340 
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Tyr Asp Val Val Val Val Val Leu Ser Ser Thr Arg Gly Gly Ser Ser 
1345 1350 1355 136 

Cys Cys Ser Glu Glu Glu Ser Ala Ala Gly Thr Arg Arg Arg Arg Leu 

1365 1370 1375 

Ser Leu Ala Ala Gly Trp Trp Leu Pro Ser Ser Pro Phe Ala Ala Ser 

1380 1385 1390 

Ala Ala Ala Ala Ala Pro Cys Trp Trp Gly Cys Cys His Val Arg Arg 

1395 1400 1405 

Ser Glu Glu Val Gly Gly Val Leu Trp Trp Trp Trp Trp lie Pro Pro 

1410 1415 1420 

Ser Asp Asp Ser Arg Asn Asn Glu His His Gly Gly Trp Trp Phe Met 
1425 1430 1435 144 

Ala Ala Ala Ala Tyr Ser Ser Ser Thr Phe Leu Leu Gly Leu Leu Ser 

1445 1450 1455 

Glu Glu Glu Gly Val Ala Ala Gly Arg Arg Arg Arg Arg Val Pro His 

1460 1465 1470 

His Cys Gly Gly Val Thr Arg Arg Ser Phe Pro Pro Ser Gly Gly Gly 

1475 1480 1485 

Lys Lys Lys Lys Lys Lys lie Pro Pro Leu Gly Phe Phe Arg Lys Lys 

1490 1495 1500 

Leu Val Val Leu Trp Trp Trp His Gly Ser Ser Ser Ser Trp Lys Ala 
1505 1510 1515 152 

Ala Trp Asp Gly Gly Gly Arg Arg Ser Ser Ala Ala Val Val Arg Lys 

1525 1530 1535 

Lys Lys Lys Lys Arg Gly Gin Gin Ser Arg Arg Lys Pro Ser Ser Val 

1540 1545 1550 

Gin Ser Ser Gly Met Met Gly Glu He He He He He Ala Val Val 

1555 1560 1565 

Ser Leu Leu Arg Val Ala Ala Ser Gly Gly Ser Tyr Cys Cys Thr Gly 

1570 1575 1580 

Thr Thr Thr Thr Glu Arg Gly Leu Tyr Tyr Gin Trp Trp Ser Leu Ser 
1585 ' 1590 1595 160 

Ser Asp Asn Ser Ser Arg Val Val Val Val Val His He Pro Pro Leu 

1605 1610 1615 

Arg Arg Lys Glu Glu Glu Lys Gly Gly Gly Ser Lys Lys He Pro Thr 

1620 1625 1630 

Thr Thr Thr Thr Leu Lys Lys Arg Asn Asp Asp Leu Ser Leu Leu Phe 

1635 1640 1645 

His His Trp Ser Trp Trp Arg Gin Asp Asp Asp Asp Val Ser Ser Ser 

1650 1655 1660 

Gin He Leu Leu Arg Val Val His Gly Asp Asp Leu Arg Thr Thr Cys 
1665 1670 1675 168 

Val Val Val Val Val Pro His Gin Gin Leu Phe Phe Ser Glu Met Met 

1685 1690 1695 

Gly Gly Phe Phe Thr Ala Ala Asp Val Lys Lys Lys Lys Lys His Thr 

1700 1705 1710 

Thr Gly Phe Phe Phe Leu Thr Ala Ala Gly Arg Arg Ser His Pro Cys 

1715 1720 1725 

Ala Ala Ala Ala Met Pro Pro Pro Thr Tyr Arg Arg Val Gly Gly Gin 

1730 1735 1740 

Leu Gly Gly Val Asn Trp Trp Ser Asp Asp Asp Asp Asp Tyr Gly Pro 



18 





1745 



1750 



1755 



176 



lie lie Leu Asp Pro Pro His Ser Ser Leu Glu Glu Trp Ala Ala Ala 

1765 1770 1775 

Ala Ala Ala Arg Ala Ala Gly Lys Val Gin Gin Gin Leu Met Met Ser 

1780 1785 1790 

His Thr Thr Leu Gly Leu Leu Leu Leu Val Met Asn Asn Pro His Ser 

1795 1800 1805 

Ser Trp Lys Met Met Gin Thr Asp Asp Thr Gin Gin Gin Gin Gin Ala 

1810 1815 1820 

Leu Glu Glu Gin Gly Gly Asp Trp lie lie Gly Gin Gin Gly Pro Pro 
1825 1830 ' 1835 184 

Ala Trp Phe Phe Phe Phe Phe Pro Ser Ser Gin Ser Cys Cys Met Ser 

1845 1850 1855 

Trp Trp Ala Ser Ser Ala Gly Gly Glu Arg Val Val Val Val Trp Trp 

1860 1865 1870 

Ser Ser Asn Arg Lys Lys Leu Glu Asn Thr Thr Thr lie Lys Lys Glu 

1875 1880 1885 

Glu Glu Glu Glu Glu Leu Tyr Tyr Trp Pro Pro Asp He Ala Ala Asn 

1890 1895 1900 

Gly Ser Ser Thr Phe Phe Val Glu Arg Arg Arg Arg Arg Leu Asp Asp 
1905 1910 1915 192 

Gin Asp Gly Gly Leu Ser Leu Leu Leu Val Val Arg Glu Glu Arg Trp 

1925 1930 1935 

Gin Gin Gin Gin Lys Gly Gly Leu Arg He lie Arg He He Leu Leu 

1940 1945 1950 

Leu Leu Arg Arg Gly Gly His Trp Trp Trp Trp Trp Lys Ser Gin Gin 

1955 1960 1965 

Glu Met Met Asp Ser Tyr Tyr Leu Phe Leu Gin Gin Glu Asn Asn Asn 

1970 1975 1980 

Asn Asn Asn His His His Leu Leu Val Val Arg Pro Gin Gin Leu Leu 
1985 1990 1995 200 

Leu Gin His Gly Gly Gly Val Val Val Val Glu Trp Ser Ser Pro Leu 

2005 2010 2015 

Tyr Tyr Arg Glu Leu Lys Lys Pro Val Ser Ser Trp Glu Thr Glu Glu 

2020 2025 2030 

Met Thr Thr Arg Lys Val Val Gin Arg Thr Thr Gly Gly Cys Asp Leu 

2035 2040 2045 

Leu Leu Leu Leu Val Trp Trp Phe Val Ala Ala Trp Pro Arg Arg Gly 

2050 2055 2060 

Leu Leu Asp Glu Val Ser Gly Gly Gly Gly Val Leu Lys Lys Pro Glu 
2065 2070 2075 208 

Glu Glu Asp Asp Met Thr Thr Gly Glu Thr Thr Glu Val Val Val Val 

2085 2090 2095 

Val Gly Ser Trp Trp Glu Gin Gin Lys Pro Leu Leu Pro Lys Val Val 

2100 2105 2110 

Val Met Met Arg Val Ser Ser Ser Ser Ser Asp Gin Gin Cys Ala Val 

2115 2120 2125 

Val Asn Leu Leu Leu Phe Ala Ala Arg Glu Glu Glu Leu Leu Leu Leu 

2130 2135 • 2140 

Leu Lys Cys Val Leu Ser Ser Thr Pro Pro He Ser Trp Trp Lys Lys 
2145 2150 2155 216 
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Gly Gly Arg Gly Gly Gly Gly Gly Gly Tyr His His Val Cys Cys Leu 

2165 2170 2175 

His Ser Ser Gly Arg Leu Leu Gly Leu Leu Arg Asn Ala Ala Ala Ala 

2180 2185 2190 

Ala Ser Met Met Ala Gly Gly Gin Met Leu Leu Tyr Thr Gly Gly Asp 

2195 2200 2205 

Tyr His Arg Glu Glu Val lie Phe Phe His Val Val Pro Lys Ala Ala 

2210 2215 2220 

Ser Arg Met Met Tyr Gly Gly Gly Gly Gly Gly His Asn Asn Pro Ala 
2225 2230 2235 224 

Ala Gly Tyr Leu Leu Val Pro Trp Trp Ala Ser Ser Pro Thr His His 

2245 2250 2255 

His His His Ser Tyr Tyr His Ala His His Ser Leu Ser Ser Met Val 

2260 2265 2270 

Val Cys Asp Pro Pro Ser Gin Gly Gly Gly Gly Asn Lys Gly Gly lie 

2275 2280 2285 

Gin Asp Asp Pro Ser Ser His Thr Ser Ser lie Gly lie lie Asp Ala 

2290 2295 2300 

Ala Ala Ala Ala Phe Ser Gly Gly Gin Pro Pro Glu Leu Gly Gly Ala 
2305 2310 2315 232 

Gly Glu Glu Pro Lys Lys Asp Leu Phe Phe Phe Phe Phe Lys Lys Lys 

2325 2330 2335 

Leu Asn Ser Ser Leu Val Leu Leu Pro Trp Trp Leu Ala Gly Gly Leu 

2340 2345 2350 

Thr Ser Gin Glu Glu Ala Trp Thr Thr Val Arg Arg Ala Leu Leu Leu 

2355 2360 2365 

Met Leu Ser Ser Asn Val Val Val Val Val Pro Leu Asp Asp Lys Ser 

2370 2375 2380 

Ser Tyr Gly Asn Asn Val Ser Val Val Glu Gin Ser Ala Ala Ala Ala 
2385 2390 2395 240 

Ala Val Leu Leu Phe His Gly Gly Arg Gly Tyr Tyr Phe Met Met Asp 

2405 2410 2415 

Glu Tyr Tyr Arg Ser Cys Cys Trp Trp Ser Gly Trp Trp Phe Asn Asn 

2420 2425 2430 

Gin Cys Cys Leu Leu Cys Cys His Arg Arg Arg Arg Arg Arg His Ala 

2435 2440 2445 

Ala -Thr Gly Gly Leu lie Leu Leu Trp Asn Gin Gin Arg Ser Ser Ser 

2450 2455 2460 

Lys Leu Leu Leu Leu Leu Gin Arg Arg Gly Val Pro Pro Ala Leu Pro 
2465 2470 2475 -248 

Pro Asn Pro Pro Gly Trp Trp lie Gin Gin Gin Gin Gin Leu Thr Leu 

2485 2490 2495 

Leu Glu Ala Pro Pro Asn Ala Ala Pro Phe Met Met Lys Lys Leu Leu 

2500 2505 2510 

Ser lie lie lie lie lie Pro Ser Cys Cys Ser Ala Ala Ala Ser Val 

2515 2520 2525 

Val His Val Gin Gin Arg Pro Pro Ser Leu Ala Ala Ala Ala Ala Gly 

2530 2535 2540 

lie lie Pro Ser lie lie Leu Pro Pro Leu Leu Arg Gly Lys Lys Pro 
2545 2550 2555 256 

Ala Phe Phe Phe Phe Phe Gly Met Met Pro Met Ala Ala Leu His His 
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2565 



2570 



2575 



Gin Glu Ser Ser Arg Gly Asn Asn Leu Cys Cys Cys Cys Cys Cys Gly 

2580 2585 2590 

Ser Ser Cys Thr Thr Leu Trp Lys Lys Glu Asn Trp Trp Ala Gly Gly 

2595 2600 2605 

Ser Ala Asn Asn Asn Asn Asn Lys Thr Thr Gly Ser Ser Gly Arg Gly 

2610 2615 2620 

Gly Leu Asn Asn Val Gly Gin Gin Asp Ser Leu Leu Leu Leu Ser Cys 
2625 2630 2635 264 

lie lie Arg Thr Asp Asp Cys Gly Gly Trp lie Val Val Thr Ala Arg 

2645 2650 2655 

Arg Ala Phe Phe Phe Phe Phe Arg Arg Glu Glu Trp Thr Thr Gly Val 

2660 2665 2670 

Ala Ala Leu Gin Gly Gly Pro Gin Gin Leu Arg Trp Trp Trp Trp Trp 

2675 2680 2685 

His Glu Glu Trp Leu Cys Cys Ser Trp Lys Lys Arg Val Val Pro Gly 

2690 2695 2700 

Gly Val Ala Ala Ala Ala Ala Glu Ala Gly Gly Tyr Tyr Ala Ala Cys 
2705 2710 2715 272 

Ala Ala Arg Lys Gly Val Lys Lys lie Tyr Tyr Tyr Tyr Tyr Trp Lys 

2725 2730 2735 

Arg Arg Ala Met Met Lys Pro Met Met Cys Ala Lys Lys Trp Asp Asp 

2740 2745 2750 

Asn lie lie lie lie lie lie Phe Lys Lys Gin Asn Ser Thr Ala Ala 

2755 2760 2765 

Glu Pro Pro Glu Met Pro Phe Cys Cys Cys Cys Val Thr Leu Leu Glu 

2770 2775 2780 

Ser Ser Ser Val He lie Ser Gin Arg Arg Glu Arg Thr Thr Glu Ser 
2785 2790 2795 280 

Ser Ser Ser Ser Tyr Cys Cys Lys Asn Asn Leu Ala Cys Cys Gly Gin 

2805 2810 2815 

Gin Ser Val Val Lys Val Leu Leu Leu Leu Leu Pro Tyr Tyr Ala Arg 

2820 2825 2830 

Cys Cys Leu Arg Asn Asn Glu Leu Leu Pro Lys Glu Glu Leu Ala Glu 

2835 2840 2845 

Glu Glu Glu Gin Ser Ser Asn Pro Leu Leu Gin Glu Glu Pro Leu Met 

2850 2855 2860 

Met Met Tyr Tyr Tyr Val Trp Trp Trp Trp Trp Pro Gin Gin Gin Ser 
2865 2870 2875 288 

His His Thr Val Asn Asn Asn He Pro Pro Ser Arg Arg Met Met Met 

2885 2890 2895 

Met Met Arg Pro Pro Trp Lys Ser Ser Pro Trp Arg Arg Asp Val Val 

2900 2905 2910 

Pro Pro Asn Asn Gly His Ala Ala Ala Ala Val Leu Arg Arg Asp Lys 

2915 2920 2925 

Gly Gly Pro Gly Gly Lys Arg Pro Pro Glu Glu Arg Arg Glu Glu Glu 

2930 2935 2940 

Glu Glu Lys He Thr Ser Trp Phe Phe Gin Thr Pro Pro Arg Thr Trp 
2945 2950 2955 296 

Trp Trp Trp Trp Tyr Cys Cys Leu Leu Cys Cys Gin Lys Pro Pro Gly 



2965 



2970 



2975 
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Ser Ser Gly Glu His His Met Val Val Val Val Leu Leu Lys Lys Leu 

2980 2985 2990 

Thr Tyr Tyr Met Gly Gly Gly Arg Arg Val Thr Arg Arg Gly Asn Asn 

2995 3000 3005 

Asn Asn Asn His Asn Asn Leu Leu Leu Gin Gin Arg Arg Val Arg Arg 

3010 3015 3020 

Lys Leu Leu Thr Arg Ala Ala Ala Ala Ala Asp Pro Pro Ser Gly Asn 
3025 3030 3035 304 

Asn Gly Arg Ser Ser Lys Val Val Gin Gin Val Val Cys Ser Ala Ala 

3045 3050 3055 

Ala Ala Thr Trp Pro Pro Glu Lys Asn Asn Gin Thr Thr Ala Gin Arg 

3060 3065 3070 

Arg Glu Phe lie lie Lys Ser Ser Ser Ser Ser Lys Ser Cys Cys Pro 

3075 3080 3085 

Leu Leu Ala Tyr Leu Leu Arg Thr Arg Arg Ser Gly Gly Thr Ala Asn 

3090 3095 3100 

Asn Asn Asn Asn Ala Val Val Arg Pro Lys Lys Ser Gly Asn Asn Val 
3105 3110 3115 312 

Asp Asp Arg Lys Glu Glu Cys Thr Asn Asn Asn Asn Lys Ala Gly Gly 

3125 3130 3135 

Arg Thr Cys Cys Val Gin Gin Trp Gly Gly Arg Glu Lys Lys Ala Val 

3140 3145 3150 

Val Val Val Val Val Trp Glu Glu Gin Arg Arg Ser Arg Ala Ala Met 

3155 3160 3165 

Val Tyr Tyr Gly Trp Trp Ala Arg Tyr Tyr Tyr Tyr Tyr Glu Phe Phe 

3170 3175 3180 

Gly Pro Gly Gly Ser Met Met Asp His His Gly Phe Gin Gin Lys Thr 
3185 3190 3195 320 

Gin Gin Gin Gin Glu Glu Glu Glu Glu Gly He He Leu Thr Thr Thr 

3205 3210 3215 

Asp Asp Val He Arg Arg Pro Gly Gly Gly Gly Gly Asn Gly Trp Trp 

3220 3225 3230 

Val Asp Asp Tyr Ala Asp Asp His Arg Trp Trp Gly Thr Thr Arg He 

3235 3240 3245 

Thr Thr Thr Thr Thr Ala Asp Asp Arg Arg Ser Ser Asn Tyr Tyr Glu 

3250 3255 3260 

Pro Thr Thr Thr Lys Asn Asn Asn Asn Trp His Lys Lys Val Met Glu 
3265 3270 3275 328 
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